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Conclusions
1. NASA’s DSCOVR Mission EPIC and NISTAR data provide new and unique

diagnostic perspective for assessing global climate model performance.

2.   NISTAR data are unique for NIR/SW spectral ratio diagnostic capability       
to assess global climate model radiative transfer spectral treatment.

3.   EPIC climate-style planetary albedo diagnostics show GISS ModelE2 
overestimates clouds over oceans, underestimates clouds over land.

4.   EPIC Hovmoller maps provide a La Nina activity detection capability        
based on planetary albedo space-time variability. 

5. Zonal dependence can, and should be, implemented in longitudinal slicing.
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INTRODUCTION 
 
Figure 1 is a schematic representation of the NISTAR and EPIC 
measurements from the Lagrangian L1 point 1.4 to 1.6 x 106 km 
from the Earth in the direction of the Sun, where the disk-image 
of the Earth is roughly the size of the Moon as viewed from Earth. 
To be specific, the DSCOVR Satellite is not precisely located at the 
Lagrangian L1 point. The DSCOVR Satellite is actually orbiting 
around the Lagrangian L1 point in a Lissajous orbit (Koon et al., 
2000) as shown in Figure 2. The Lissajous orbit is forever evolving 
in shape with a roughly six-month period. The solar illumination 
of the earth is determined by the Solar Ephemeris whereby (in the 
GCM simulations) the grid-box local solar zenith angle changes 
are updated on an hourly basis, as is the seasonal change in solar 
irradiance due to the Earth’s orbital motion around the Sun. But, 
for viewing Earth from the Lissajous orbit, the DSCOVR Satellite 
viewing geometry must conform to the specification given by the 
DSCOVR Satellite Ephemeris. 
 

 
The changes in DSCOVR viewing geometry directly affect the 

amount of reflected SW radiation that NISTAR and EPIC receive 
(Marshak et al., 2021), and require explicit use of the DSCOVR 
Satellite Ephemeris in the GCM SHS modeling to account for the 
changing GCM grid-box projected area, as seen from the DSCOVR 
Satellite perspective. With this explicit SHS modeling in place, 
the GCM SHS sampled output data are collected with the same 
Sun-Satellite viewing geometry of Earth as is the case for NISTAR 
and EPIC observational data. The principal unresolved difference 
that remains is that the GCM data are radiative fluxes, whereas the 
NISTAR and EPIC data are near-backscatter radiances. 

The Lissajous orbit also has a radial component that affects the 
radial Earth-Satellite distance (Marshak et al, 2018), which instills 
an inverse square distance dependence in the Earth reflected and 
emitted radiances. Since NISTAR views the Earth as a single pixel, 
the NISTAR measurements need to be normalized to a fixed standard 
distance. For EPIC, the size of the Earth’s image on the detector 
automatically changes in response to the distance change.        

 

 
  
FIGURE 1 | Schematic NISTAR and EPIC view of the Earth’s sunlit hemisphere from the Lissajous orbit around the solar Lagrangian L1 point. NISTAR 
views the entire sunlit hemisphere as a single pixel in 4 broadband channels, while EPIC records 2048 x 2048 pixel images in 10 narrow spectral bands. 
 

 
 
FIGURE 2 | DSCOVR Satellite relative phase angle distance from the Sun as a function of time from January 1, 2017 (blue) to June 27, 2019 (red). Circles 
define mid-month Lissajous orbital positions around the Lagrangian L1 point. Numbers 1 to 6 depict the first orbit of the year, letters J to D the second orbit.   
 
 
 
 
 
 
 
 



NISTAR Bands-C/B  (0.7 – 4.0!m)/(0.2 – 4.0!m)  NIR/SW Spectral Ratio

Seasonal spaghetti map of NISTAR Band-C / Band-B spectral ratio of the NIR/SW radiance reflected from the dayside 
hemisphere for selected longitudes of noon-time Sun. Solid black curve is daily average over all longitudes.



NISTAR Bands-C/B  (0.7 – 4.0!m)/(0.2 – 4.0!m)  NIR/SW Spectral Ratio

Pinwheel-format diagram of longitudinally sliced NISTAR Band-C (0.7 – 4 µm)/Band-B (0.2 – 4 µm) NIR/SW spectral 
ratio for year 2017 (Left), plotted as a function of the DSCOVR sub-satellite latitude. At figure bottom are mid-month 
positions of the DSCOVR spacecraft sub-satellite location (numbers identify month of year). Corresponding sub-solar 
latitude (declination) is denoted by the yellow circles. (Right) corresponding NIR/SW spectral ratio results from GISS 
ModelE2 with output data sampled in accord with the DSCOVR Satellite Ephemeris viewing geometry.
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Figure 7 depicts the unique spectral ratios that are available from 

NISTAR data. One obvious advantage of spectral ratios is that to 
first order, most of the NISTAR calibration, backscattered radiance, 
and viewing geometry issues cancel out. But more importantly, 
the NISTAR NIR/SW spectral ratio, that straddles the chlorophyl 
0.7 µm red edge, is a key climate-specific measurement that is not 
readily available from the current satellite data. The choice of this 
spectral pivot point identifies vegetated regions on the basis of their 
higher NIR spectral albedo. As the Earth rotates, longitudinal 
slicing identifies and ranks the geographical regions by their NIR 
reflectivity. This is a novel diagnostic of GCM radiative modeling 
performance, and also serves as a biosphere identifier in exoplanet 
studies (Carlson et al., 2019). 

Figure 7 shows the maximum spectral ratio (red line) to be over 
Africa-Asia in April and July. As expected, the minimum spectral 
ratio is over the Pacific (blue), but the large April-to-May seasonal 
variability is not expected, and could indicate that NIR water vapor 
absorption in cloudy regions could also be a factor. At Figure 7 
Right, the inverse (B–C)/D ratio emphasizes visible cloudy areas. 
Also shown is the seasonal Total Solar Irradiance (TSI), depicted 
by the heavy yellow curve (and Y-axis at left), showing no apparent 
correlation with the seasonal variability of the NISTAR data.  

 

 
A somewhat better view of the seasonal variability is obtained 

in the pinwheel format shown in Figure 8, where the NISTAR data 
are plotted as a function of the DSCOVR sub-satellite latitude. 
This is possible since the DSCOVR satellite effectively makes two 
full orbits per year. This also illustrates more clearly the effect of 
the Lissajous orbit on the seasonal variability of the NISTAR data 
stream. As shown in Figure 8 (Left), the DSCOVR sub-satellite 
latitude is at its southern extreme (-25.3o) in January. Because the 
Lissajous orbital motion is oriented in the same direction as the solar 
declination change, by mid-May NISTAR is viewing the Earth 
from its northern extreme (+25.3o). It then takes until December 
to return to its southern extreme. The solid red line illustrates the 
rapid January-to-May northward trek for the Africa-Asia meridian, 
while the much slower May-to-December southward return trek is 
denoted by the red dash line. Notable on the southward return trek 
is the pronounced June-to-September chlorophyl-fueled hump that 
can be associated with the northern hemisphere growing season 
(with its peak in July). At Figure 8 (Right) are the corresponding 
results from the GISS ModelE2 NIR/SW spectral ratio output data. 
On the positive side, the relative order of the longitudinal slicing 
agrees with the NISTAR data. But, the amplitude and seasonal 
variability of the GCM surface albedo climatology is far too small. 

 

 
FIGURE 7 | Seasonal variability of longitudinally sliced NISTAR Band-C (0.7 – 4 µm)/Band-B (0.2 – 4 µm) NIR/SW spectral ratio for year 2017 (Left), 
and the inverse VIS/VIS+ spectral ratio of Bands-(B-C) (0.2 – 0.7 µm)/Band-D (0.3 – 1.1 µm) (Right). The colored curves represent longitudinally sliced 
hemispheric views of geographical regions identified by their noon-time meridians. The heavy black lines represent full-day averages. The heavy yellow 
curves depict the seasonal variation of the Total Solar Irradiance (TSI) as referenced by the Y-axis scale at left. 
 
 
 
 
 

NISTAR’s most Important Measurement   – Biosphere Detection Spectral Ratio
Bands-C/B (0.7 – 4.0)/(0.2 – 4.0 !m)  and    Bands-(B-C)/D (0.2 – 0.7)/(0.3 – 1.1 !m) 

NISTAR’s sharp Band-C spectral cut-on at 0.7 !m straddles the vegetation red edge that enables the NISTAR C/B spectral ratio to 
serve as a biosphere detector. The left panel shows that the highest C/B spectral ratios occur over the most vegetated Africa-Asia 
longitudes of the Earth’s sunlit hemisphere red-dash curve), while the lowest C/B spectral ratios occur over the Pacific (light-blue 
curve). The opposite is seen in the right panel where the (B-C)/D spectral ratio puts the emphasis on cloud albedo rather than the 
vegetation. For reference, the heavy yellow curve (left y-scale) is the seasonal change in Total Solar Irradiance.

 
FIGURE 8 | Seasonal variability of longitudinally sliced NISTAR Band-C (0.7 – 4 µm)/Band-B (0.2 – 4 µm) NIR/SW spectral ratio for year 2017 (Left), 
expressed in pinwheel format, and plotted as a function of the DSCOVR sub-satellite latitude. Noted at figure bottom are the mid-month positions of the 
DSCOVR spacecraft in terms of its sub-satellite location (numbers identify the month of year 2017), and the corresponding sub-solar latitude (declination) 
denoted by the yellow circles. At (Right) are the corresponding NIR/SW spectral ratio results from the GISS ModelE2 reflected SW diagnostics output data 
sampled in accord with the GSCOVR Satellite Ephemeris viewing geometry and aggregated over the sunlit hemisphere. 
 
 
 
 
 

NISTAR (0.7 – 4.0)/(0.2 – 4.0!m)  vs GCM (0.7 – 5.0)/(0.3 – 5.0!m) Spectral Ratio 

Spectral ratio expressed in Pinwheel-format vs Sub-Satellite Latitude. Moving with the Sun in declination, DSCOVR makes 
the extreme South (-25o) to extreme North (+25o) trek in just 4 months (solid lines), requiring 8 months when it is moving 
against the Sun on the return trek (dashed lines). At figure bottom, the relative position of the Sub-Solar Latitude is shown 
relative to each monthly-mean NISTAR position depicted in Sub-Satellite Latitude. The solid black curve is the day-average 
over all longitudes. Left panel shows the NISTAR C/B spectral ratio in pinwheel format. The right panel is the GISS ModelE2 
corresponding NIR/SW spectral ratio. The GCM reproduces the NISTAR spectral ratio longitudinal ordering, but with a much 
smaller diurnal amplitude, and without the seasonal variability that is seen in the NISTAR data. 
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INTRODUCTION 
 
Model/data comparisons are essential for improved understanding 
of the Earth’s climate system. But, as illustrated in Figure 1, this 
seemingly straightforward task is not simple. Climate GCMs and 
the real world are quasi-chaotic in behavior. So, there is no reason to 
expect agreement except for averages taken over sufficiently large 
spatial and time scales. Moreover, most climate system variables 
exhibit strong diurnal variability (e.g., Eastman and Warren, 2014). 
Whereas GCM output data are computed uniformly over the globe 
at uniform time-steps, and uniformly averaged into monthly-mean 
latitude-longitude tables such as the planetary albedo and total cloud 
cover in Figure 1 (Left panels), the observational data typically use 
sequential space-time sampling from a sun-synchronous satellite 
track, such as the CERES planetary albedo data (Top Right), with 
considerable uncertainty as to how the diurnal cycle might have been  

averaged or referenced. Still different is the ECMWF’s ERAI total 
cloud cover, which is a global re-analysis product of observations 
acquired over the past 3.5 decades. These data comparisons show 
qualitative similarity, but with substantial small-scale differences. 
Even for monthly-mean averag, considerable meteorological 
weather noise remains. By averaging data over the entire globe, the 
weather noise can be minimized, as in Figure 1 Bottom. Here, the 
seasonal CERES Energy Balanced and Filed (EBAF) planetary 
albedo for 2003 to 2019 (Loeb et al., 2009; 2018) is the reference 
with the GISS ModelE2 planetary albedo seasonal change shown 
by the black squares. There is a close similarity, but the off-sets 
are difficult to interpret quantitatively. All data comparisons are 
useful, but like the proverbial blind men from Indostan, they focus 
on different aspects of the climate elephant. The longitudinal slicing 
methodology used here describes an approach that averages out the 
weather noise, but retains important intra-seasonal and longitudinal 
variability that is not simple to extract from conventional data. 

 

 
 

 
 
FIGURE 1 | ModelE2 4x5 degree horizontal resolution monthly-mean planetary albedo (Upper left) and total cloud cover (Middle left) computed for July 

2018. The corresponding observational counterparts are the CERES planetary albedo (Upper right) on a 2x2.5 degree grid averaged over the years 2001 to 

2013, and the ECMWF Re-Analysis-Interim (ERAI) total cloud cover (Middle right) also on a 2x2.5 degree grid averaged over the years 1979 to 2014.  

Seasonal CERES EBAF planetary albedo (Bottom) for 2003 to 2019 (Loeb et al., 2009; 2018) with the ensemble annual mean subtracted. For comparison, the 

black squares depict the ModelE2 decadal-mean seasonal variability of the global planetary albedo for years 2000 to 2010 with the annual mean subtracted. 
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ModelE2 results 

Figure 1. Seasonal CERES EBAF planetary albedo for the years 2003 to 2019 (Loeb et al., 2009; 2018) with 
the ensemble annual mean subtracted (top panel). The black squares depict the ModelE2 decadal-mean 
seasonal variability of the global planetary albedo for years 2000 to 2010 with the annual mean subtracted. 
Bottom panels show the ModelE2 relationship between the planetary albedo and the total cloud cover 
with the left panel showing the July monthly-mean planetary albedo, while the right panel shows the 
corresponding cloud cover from a current-climate ModelE2 reference run.  
 



EPIC / NISTAR Perspective on SW Flux Determination
Issue with whole disk views:  Africa + poles in NISTAR field of view 

Epic  1/26/17 Epic 6/30/17

Journal of Geophysical Research: Atmospheres 10.1029/2018JD029390

Figure 1. Schematic of (a) Earth-Sun-DSCOVR geometry and (b) Earth disc that are visible to the L1 DSCOVR view (left
with a total area fraction of At) and to the L2 view (right). The golden area on the left shows the daytime area fraction
(Av ) that is visible to DSCOVR, the black area on the left shows the night portion (Ad) that is within the DSCOVR view,
and the golden area on the right is the daytime portion (Ah) missed by the DSCOVR. Not to scale.

and is not positioned exactly on the Earth-Sun line; therefore, only about 92–97% of the sunlit Earth is visible
to DSCOVR. As illustrated in Figure 1b, the daytime portion (Ah) is not visible to the DSCOVR. Strictly speak-
ing, the measurements from DSCOVR are not truly “global” daytime measurements. However, for simplicity
we refer to them as global daytime measurements. Onboard DSCOVR, the National Institute of Standards and
Technology Advanced Radiometer (NISTAR) provides continuous full disc global broadband irradiance mea-
surements over most of the sunlit side of the Earth. Besides NISTAR, DSCOVR also carries the Earth Polych
romatic Imaging Camera (EPIC), which provides 2,048 by 2,048 pixel imagery in 10 spectral bands from 317
to 780 nm 10 to 22 times per day. On 8 June 2015, more than 100 days after launch, DSCOVR started orbiting
around the L1 point.

The NISTAR instrument was specifically designed to measure the global daytime SW and longwave radiative
fluxes. NISTAR measures an irradiance at the L1 point at a small relative azimuth angle, !o, which varies from
4∘ to 15∘, as shown in Figure 1a. As such, the radiation it measures comes from the near-backscatter position,
which is different from that seen at other satellite positions as indicated in Figure 1a by the varying arrow
lengths corresponding to scattering angles,Θ1 −Θ3. Other types of Earth-orbiting satellites view a given spot
on the Earth from various scattering angles that vary as a function of local time (e.g., geostationary) or overpass
time (e.g., Sun-synchronous). When averaged over the globe, the uncertainties in the anisotropy corrections
are mitigated by compensation. That is, any small biases at particular angles are balanced by observations
taken at other angles. In contrast, instruments on DSCOVR view every spot on the Earth from a single scatter-
ing angle that varies slowly within a small range over the course of the Lissajous orbit. Thus, the correction for
anisotropy is critical. The biases in the anisotropy correction for the DSCOVR scattering angle are mitigated
and potentially minimized by the wide range of different scene types viewed in a given NISTAR measurement.

Previous studies by Minnis et al. (2001) and Doelling et al. (2002) used ERB Experiment (ERBE) and International
Satellite Cloud Climatology Project (ISCCP, Rossow & Schiffer, 1999) observations to simulate the broadband
radiation field and to calculate the Earth’s anisotropy as seen from the L1 point in order to convert NISTAR

SU ET AL. SHORTWAVE FLUX FROM EPIC 2

EPIC and NISTAR viewing geometry from the Lissajous orbit around the Lagrangian L1 point in the direction of the Sun.
Left panel (Fig. 1 of Su et al., 2018) depicts the EPIC/NISTAR viewing aspects. Right panels depict sample near-hourly 
images of Earth (https://www.epic.gsfc.nasa.gov) from which detailed sunlit hemisphere climate data can be derived.
Note that in orbiting the Lagrangian L1 point, EPIC and NISTAR view 92-97% of the sunlit hemisphere, never 100%. 
The unique space-time sampling and precise longitudinal slicing make EPIC data ideally suited for climate-relevant 
data acquisition. But, this requires the same EPIC/NISTAR-view space-time sampling for climate GCM output data. 



EPIC-Derived: 2018 All-cloud (EPIC images available per day/month)      EPIC-2018   Longitudinal and Seasonal Variability:      All-Cloud   Number EPIC-view Images Processed /Day 
 
DayMon   Jan=1   Feb=2   Mar=3   Apr=4   May=5   Jun=6   Jul=7   Aug=8   Sep=9  Oct=10  Nov=11  Dec=12   Annual 
     1      12      13      13      13      22      13      22       0      22      13      13      13      169 
     2      10       6       0      10      21      22      22      21      22      13      13      13      173 
     3      13      15      13      10      22      22      22      22      13      11      13      13      189 
     4      12      11      13       3      22      22      22      22       9      12      13      13      174 
     5      11       9      13      10      22      19      22      22      12       5      13      13      171 
     6      13      13      13      10      22      21      19      22      13      12      13      13      184 
     7      13      13      12      10      22      22      22      22      13      13      13      11      186 
     8      13      13      10      10      22      18      22      20      13      11      13      13      178 
     9      13      12      10      10      22       0      22      22      13       9      11      13      157 
    10      13      13      13      11      22       0      22      22      13      13      13      12      167 
    11      13      13      13      13      21       6      22      22      12      13      13      13      174 
    12      13      13       9      13      22      22      22      22      13      11      13      13      186 
    13      13      13      13      13      22      22      22      22      13      12      13      12      190 
    14      12      13      13      13      21      22      22      22      11      13      10      13      185 
    15       0      13      13      13      22      22      21       8      13       4      13      13      155 
    16      13      13      13       9      22      22      22       0      13      12      13      13      165 
    17      13      13      13      12      22      22      22      19      13      12      12       8      181 
    18      13      13      13      13      22      22      22      11      10       4      13      13      169 
    19      13      13      13      12      21      22      20      17      13      12      13      13      182 
    20      12      13      13      11      21      22      18      22      13       3      12      13      173 
    21      13      13      12      13      11      22      21      22      13       2      13      13      168 
    22      13      13       0      13      16      19      22      22      13      13      13      13      170 
    23      12      13      13      13      22      22      20      22      13       4      13      13      180 
    24      13      13      13      12      22      22      22      22       6       0      12      13      170 
    25      13      13      12      22      18      14      22      22      13       0      13      11      173 
    26      13      13      13      22      22      21      22      22      11      13      13      13      198 
    27      13      12      12      19      22      22       0      22      13      13      10      13      171 
    28      13      13      13      22      22      22      22      17      13      13      12      13      195 
    29      13       0      13      22      22      21      22      16      13      13       9      13      177 
    30      13       0      11       0      21      20      15      21      13      13      13      13      153 
    31       0       0      13       0       6       0      21      22       0      13       0      13       88 
Sum 
Mnthly     367     351     361     377     639     568     639     590     388     305     374     392     5351 
  



EPIC-Derived: 2018 All-cloud  (EPIC data points per UT longitude/month) 

     EPIC-2018   Longitudinal and Seasonal Variability:      All-Cloud   Number UThr Interpolated Points /Month 
 
hourUT   Jan=1   Feb=2   Mar=3   Apr=4   May=5   Jun=6   Jul=7   Aug=8   Sep=9  Oct=10  Nov=11  Dec=12   Annual 
     0      25      24      24      24      29      25      29      28      26      20      24      27      305 
     1      29      27      28      28      29      27      30      28      30      23      29      31      339 
     2      29      27      28      28      29      27      30      29      30      24      30      31      342 
     3      29      27      28      28      29      27      30      29      30      25      30      31      343 
     4      29      27      29      28      30      27      30      29      30      24      30      31      344 
     5      29      27      29      28      30      27      30      29      30      25      30      31      345 
     6      29      27      29      28      30      27      30      29      30      26      30      31      346 
     7      29      27      29      28      30      27      30      29      30      23      30      31      343 
     8      29      27      29      28      30      27      30      29      30      25      30      31      345 
     9      29      27      29      28      30      27      30      29      30      24      30      31      344 
    10      29      27      29      28      30      27      30      28      30      23      30      31      342 
    11      29      27      29      28      30      27      30      28      30      24      30      31      343 
    12      29      27      29      28      30      27      30      28      30      24      30      31      343 
    13      29      27      29      28      31      28      30      27      30      23      30      31      343 
    14      29      28      29      28      31      28      30      27      30      24      30      30      344 
    15      29      28      29      29      31      28      30      27      30      23      30      30      344 
    16      29      27      28      27      31      27      30      27      29      22      30      30      337 
    17      29      27      28      27      30      27      29      27      29      23      30      30      336 
    18      28      27      28      23      30      27      29      27      28      23      29      30      329 
    19      28      27      27      20      30      27      29      27      28      22      29      30      324 
    20      28      27      27      20      30      26      29      27      28      23      29      30      324 
    21      28      26      27      19      30      26      29      26      28      23      28      30      320 
    22      27      26      25      19      29      25      28      26      28      22      28      30      313 
    23      19      19      17      16      29      25      27      26      22      16      21      22      259 
 
Global     676     637     663     616     718     643     709     666     696     554     697     722     7997 



EPIC-Derived: 2018 All-cloud Sky Fraction (percent) 

     EPIC-2018   Longitudinal and Seasonal Variability:      All-Cloud   EPIC Sky-view Cloud Fraction (PerCent) 
 
hourUT   Jan=1   Feb=2   Mar=3   Apr=4   May=5   Jun=6   Jul=7   Aug=8   Sep=9  Oct=10  Nov=11  Dec=12   Annual 
     0   68.10   68.40   66.10   62.06   62.96   64.51   65.35   65.36   63.80   63.16   66.06   68.30    65.33 
     1   68.00   67.69   65.80   62.13   62.89   64.51   65.45   65.33   63.44   62.49   65.85   68.20    65.14 
     2   67.82   66.60   65.03   62.10   62.91   64.59   65.79   64.86   62.53   61.94   65.57   67.78    64.79 
     3   67.15   65.67   63.96   61.66   62.78   64.50   65.76   63.49   61.37   61.50   64.52   66.79    64.09 
     4   66.13   64.87   63.03   60.83   61.98   63.73   64.79   62.02   60.28   60.80   62.95   65.38    63.06 
     5   64.90   63.92   61.87   59.74   60.84   62.26   63.18   60.96   59.67   59.76   61.69   64.10    61.90 
     6   63.32   62.56   60.37   58.69   59.67   60.59   61.51   60.28   59.13   58.75   60.61   62.86    60.69 
     7   60.85   60.63   58.86   57.83   59.00   59.89   60.63   59.86   58.82   58.57   59.78   61.19    59.66 
     8   58.76   59.42   58.01   57.44   58.66   59.60   60.05   59.58   58.81   58.84   59.36   59.72    59.02 
     9   58.10   59.65   58.45   57.97   58.84   59.39   59.70   59.38   59.07   59.65   59.87   58.97    59.08 
    10   58.08   59.97   58.73   58.18   58.93   59.04   59.28   58.55   58.72   60.11   60.31   58.61    59.03 
    11   58.35   60.26   58.30   57.63   58.63   58.11   58.18   56.92   57.75   60.31   60.56   58.65    58.63 
    12   58.76   60.47   57.83   56.71   57.87   56.99   56.65   55.87   57.42   60.28   60.85   58.78    58.19 
    13   59.29   60.76   57.61   55.99   56.93   55.81   55.12   55.81   57.79   60.94   61.46   59.06    58.03 
    14   59.82   61.45   58.37   56.64   57.49   55.99   55.00   57.72   59.52   62.36   62.81   59.80    58.90 
    15   60.17   62.03   59.51   57.78   58.96   57.38   56.96   60.23   61.48   63.80   64.22   60.70    60.25 
    16   60.30   62.40   60.35   58.97   60.47   59.61   58.92   61.82   62.63   64.83   65.39   61.91    61.46 
    17   60.62   62.87   61.28   60.22   61.73   61.41   60.60   62.89   63.50   65.67   66.41   63.08    62.52 
    18   61.73   64.03   62.92   61.69   62.86   62.80   62.21   63.78   64.23   66.24   67.29   64.30    63.67 
    19   63.09   65.16   64.36   63.18   64.02   63.85   63.81   64.49   64.87   66.50   67.86   65.38    64.71 
    20   64.18   65.92   65.03   63.93   65.21   64.99   64.98   65.02   65.12   66.12   67.47   65.82    65.31 
    21   64.71   66.41   65.15   63.66   65.49   65.68   65.59   65.61   65.02   65.61   66.75   65.87    65.46 
    22   65.11   66.77   65.04   62.73   64.64   65.83   65.68   65.41   64.57   64.83   66.01   65.87    65.20 
    23   65.02   66.99   64.77   62.06   63.66   65.16   65.18   65.09   64.37   64.54   65.70   65.97    64.86 
 
Global   62.60   63.54   61.70   59.99   61.14   61.51   61.68   61.68   61.41   62.40   63.72   63.21    62.04 
  



EPIC-Derived: 2018 All-cloud Sky Fraction (std dev) 

     EPIC-2018   Longitudinal and Seasonal Variability:      All-Cloud   EPIC Cloud Fraction (UTMon Pt Std Dev) 
 
hourUT   Jan=1   Feb=2   Mar=3   Apr=4   May=5   Jun=6   Jul=7   Aug=8   Sep=9  Oct=10  Nov=11  Dec=12   Annual 
     0    0.37    0.31    0.39    0.29    0.25    0.28    0.23    0.24    0.24    0.49    0.36    0.48     0.33 
     1    0.31    0.29    0.36    0.26    0.24    0.26    0.23    0.17    0.21    0.60    0.33    0.40     0.31 
     2    0.27    0.30    0.37    0.27    0.24    0.28    0.22    0.17    0.21    0.87    0.33    0.39     0.33 
     3    0.24    0.29    0.36    0.26    0.27    0.28    0.24    0.18    0.19    0.50    0.29    0.38     0.29 
     4    0.24    0.27    0.33    0.24    0.26    0.27    0.24    0.17    0.18    0.37    0.25    0.35     0.26 
     5    0.27    0.27    0.29    0.25    0.24    0.24    0.21    0.17    0.18    0.35    0.20    0.31     0.25 
     6    0.29    0.31    0.26    0.28    0.26    0.25    0.19    0.19    0.22    0.31    0.22    0.30     0.26 
     7    0.23    0.32    0.28    0.28    0.25    0.22    0.23    0.18    0.24    0.24    0.26    0.28     0.25 
     8    0.21    0.31    0.27    0.27    0.24    0.23    0.25    0.19    0.25    0.21    0.30    0.26     0.25 
     9    0.19    0.29    0.26    0.28    0.22    0.25    0.23    0.18    0.22    0.20    0.29    0.30     0.24 
    10    0.18    0.25    0.27    0.31    0.20    0.23    0.19    0.22    0.21    0.24    0.27    0.35     0.24 
    11    0.16    0.20    0.19    0.30    0.20    0.22    0.17    0.23    0.23    0.28    0.23    0.36     0.23 
    12    0.16    0.18    0.16    0.33    0.21    0.22    0.20    0.23    0.27    0.30    0.21    0.33     0.23 
    13    0.19    0.24    0.18    0.35    0.21    0.25    0.20    0.21    0.32    0.33    0.26    0.31     0.25 
    14    0.18    0.27    0.21    0.32    0.22    0.26    0.16    0.22    0.30    0.32    0.25    0.29     0.25 
    15    0.20    0.30    0.28    0.27    0.23    0.28    0.17    0.19    0.30    0.32    0.23    0.28     0.25 
    16    0.19    0.30    0.27    0.25    0.25    0.30    0.19    0.19    0.35    0.34    0.19    0.24     0.25 
    17    0.19    0.29    0.28    0.23    0.24    0.33    0.20    0.22    0.38    0.33    0.19    0.23     0.26 
    18    0.20    0.32    0.27    0.22    0.23    0.36    0.18    0.27    0.37    0.31    0.25    0.24     0.27 
    19    0.22    0.36    0.27    0.24    0.22    0.34    0.20    0.29    0.36    0.32    0.30    0.26     0.28 
    20    0.26    0.37    0.28    0.26    0.22    0.31    0.18    0.27    0.36    0.31    0.25    0.30     0.28 
    21    0.29    0.35    0.28    0.25    0.23    0.30    0.20    0.26    0.32    0.34    0.23    0.36     0.29 
    22    0.34    0.34    0.31    0.23    0.25    0.31    0.22    0.23    0.27    0.39    0.23    0.41     0.29 
    23    0.42    0.45    0.41    0.30    0.25    0.29    0.24    0.28    0.30    0.52    0.26    0.49     0.35 
 
Global    0.24    0.30    0.29    0.27    0.23    0.27    0.21    0.21    0.27    0.37    0.26    0.33     0.27 
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EPIC-DERIVED CLIMATE CONSTRAINT 
 
EPIC makes full-disk images of the Earth’s sunlit hemisphere in 
10 narrow spectral band channels with a 1024 x 1024 (download) 
spatial resolution. Depending on telemetry rate, 13 to 22 images 
per day are acquired from the Lissajous orbit at the Lagrangian L1 
point 1.4 to 1.6 x 106 km from the Earth in the direction of the Sun. 
The procedure for converting the EPIC spectral radiances into 
EPIC reflected SW fluxes is described by Su et al. (2018t; 2020). 
Using MODIS/CERES-based regression relationships, the spectral 
radiances are first converted into broadband SW radiances. They 
are then transformed into radiative fluxes using the CERES angular 
distribution models. All these tasks are performed at the pixel level, 
then integrated over the entire sunlit hemisphere (as viewed from 
the Lagrangian L1 point) to convert each EPIC image into a single 
climate-style data point for the sunlit hemisphere-mean reflected 
SW flux. Without loss in precision, these reflected SW fluxes are 
normalized relative to CERES global annual-mean SW radiative 
flux (Loeb et al., 2018), and divided by the Total Solar Irradiance 
(TSI) (Kopp and Lean, 2011) to obtain the planetary albedo.  

For each day’s-worth of 13 to 22 images, the EPIC derived SW 
fluxes are interpolated to their nearest Greenwich-Mean (GMT) 
hour to align the data points in longitude. Thus, the 5000 to 6000 
EPIC images per year are transformed into 12 x 24 monthly-mean 
tables of planetary albedo points, plotted in Figure 2 (Upper).   
The color-coded longitudes cover the full rotation of the Earth in 
1-hour time-steps (24 hours of GMT, and 15o steps in longitude). 
The data are grouped into five broad longitude ranges color-coded 
as follows: Pacific Ocean (dark blue), East-Asia (green), Africa-
Asia (magenta), Atlantic Ocean (light blue), and North America 
(orange). Key meridians of the five longitude ranges are further 
identified by their heavier solid color and black dots that depict 
their monthly-mean value at their mid-month position, which also 
include the sub-satellite latitude listed at the bottom of the figure. 
The group members are further identified by a different line-style. 
Each color-coded meridian is identified by its Greenwich-Mean 
time (GMT) of noon-time sun. Thus, the international Date Line 
is identified by its 0 GMT. In addition to the GMT designation, 
each meridian is also identified by a geographic reference to help 
identify its relative location on the global map. 

 
 

 
FIGURE 2 | Planetary albedo from EPIC reflected SW flux for 2017 and 2018 (Upper Left and Upper Right), normalized by the CERES global annual-mean SW 
radiative flux (Loeb et al., 2018), and divided by the seasonal Total Solar Irradiance (Kopp and Lean, 2011). The longitudinal slicing is depicted by the colored lines, 
which represent longitudinally contiguous regions, and which correspond to Greenwich-mean time of high-noon meridians that are also tagged with the geographic 
location of the illuminated hemisphere-center meridian. The representative members of each colored longitude grouping is identified by its designated black dot monthly-
mean position. Geographically, the colored lines proceed westward from the international date line at 1-hourly intervals (15o of longitude). The heavy black line is 
the daily-mean average over a full rotation of the Earth. The mid-month DSCOVR sub-satellite latitude is depicted at figure bottom. Bottom Left and Bottom Right 
are the corresponding planetary albedo results for 2017 and 2018 obtained from GISS ModelE2 simulations using in-line sampling of the GCM output data using 
SHS sampling in accord with the DSCOVR Ephemeris viewing geometry.  
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The key takeaway from Figure 2 Bottom panels is that, over the 
East-Asia area (3 GMT, black-dot green), ModelE2 overestimates 
clouds during the NH summer season (since clouds are the principal 
contributors to Earth’s planetary albedo, e.g., Stephens et al., 2015). 
Meanwhile, the cloud reflectivity over the continental Africa-Asia 
land areas (8 GMT, black-dot magenta) is strongly underestimated. 
By comparison, the EPIC results in the Figure 2 Top panel show 
planetary albedo to be highest over the Africa-Asia region, opposite 
to the ModelE2 results.  

A likely explanation for this striking model/data difference is the 
use of a globally uniform relative humidity criteria for the onset of 
cloud condensation in the ModelE2 cloud scheme, which involves 
utilizing a critical (less than 100%) relative humidity criteria for 
the statistical overlap of water vapor and temperature probability 
distributions, becoming sufficient to achieve the relative humidity 
threshold for cloud condensation over some fraction of the grid 
box. Due to the broader water vapor and temperature probability 
distributions that exist over land compared to ocean, conditions 
are more favorable for cloud formation over land compared to the 
ocean. Thus, using a globally uniform cloud condensation onset 
will overestimate clouds over the ocean and underestimate clouds 
over land. Using a land/ocean dependent relative humidity criteria 
that makes it more difficult to form clouds over ocean, and easier 
over land, would lead to improved agreement with observations by 
reducing the cloud radiative effect over the ocean while increasing 
the cloud contribution to planetary albedo over land. 

 Other significant differences are the daily-mean of the seasonal 
variability depicted by the heavy black line, which resembles the 
general EPIC data variability, but has less than half of seasonal 
amplitude of the EPIC planetary albedo, and the ModelE2 planetary 
albedo during NH summer months, which has little resemblance to 
the EPIC planetary albedo. But, there is some similarity in that the 
ModelE2 planetary albedo exhibits a similar longitudinal ordering 
with a decreasing slope from January to March, and also from 
October to December with an increasing slope. 

Figure 3 displays the same planetary albedo data in Hovmoller 
format that was plotted in Figure 2 in ‘spaghetti’ format, with the 
EPIC planetary albedo at figure Left, and corresponding ModelE2 
results at figure Right. The Hovmoller format is more amenable 
for displaying space-time variability, while the ‘spaghetti’ format 
provides a more quantitative comparison of the amplitude of the 
seasonal and longitudinal variability. Plotted in the classical format 
(Hovmoller, 1949), the Y-scale has time decreasing downward, 
with the X-scale depicting the longitudinal dependence (including 
the noon-time GMT of the EPIC image acquisition). Also included 
is the world map (in GCM 4o x 5o resolution) to help locate GMT 
and longitude points in their geographic perspective. 

The year 2017 has been identified as a La Niña year (Zhang et 
al., 2019). Perhaps related to this are small oscillations over the 
East Pacific in March and November of 2017, and April over what 
appears to be the Europe-Asian continental region. In contrast, the 
year 2018 is uniformly more quiescent, having apparently reverted  
 

 
FIGURE 3 | Hovmoller plot of the EPIC (Left) and ModelE2 (Right) planetary albedo for 2017 and 2018 for the same data presented in Figure 2. The Y-scale 
has time running downward starting with January 2017 at the top through December 2018 at the bottom. The X-scale is longitude running from -180o W longitude 
at the left and 180o E longitude at the right. The X-scale references the GMT of the noon-time Sum, starting at GMT=0 at the Date Line at the far right, proceeding 
westward to the left as the Earth rotates. Also included is the world map in the lower (2018) panel to help identify particular longitudes and GMTs with a more 
familiar geographical landmark. In the color bar, magenta identifies the highest planetary albedos, deep blue the lowest. 
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back to the more neutral El Niño situation. With only longitudinal 
information available, there is no way to identify or estimate either 
the latitude or latitudinal extent of the features responsible. These 
features appear to be of limited size, extending peak-to-peak to 
~30o of longitude, or roughly 3000 km. Yet their radiative impact 
is clearly noticeable on the hemisphere-mean planetary albedo. 
Since the March and November oscillations are over the Eastern 
Pacific region, they are no doubt cloud related. Or, more likely, these 
are La Niña associated fluctuations in sea surface temperature that 
induce the atmospheric response in cloud cover. 

The April oscillations are unique in that they are of limited time 
duration as well as spatial extent. Like the March and November 
oscillations, they also have peak-to-peak ~30o extent in longitude, 
but have a time duration that is only about a month. Their overall 
location extends essentially from the longitude of South Africa to 
that of Australia. It is therefore tempting to assume that this might 
be some kind of an Indian Ocean La Niña-type phenomenon. But 
again, the information to locate these oscillations in latitude has 
been averaged out with the meteorological weather noise. 

Interestingly, there are longitudes that exhibit an extended period 
of a steady change in planetary albedo. One such example is the 
Atlantic region represented by W Africa (13 GMT, black-dot light 
blue) in Figure 2 Top Left, and in Figure 3 Left for GMT = 13 
to 15, which has its season minimum planetary albedo in August 
that keeps increasing steadily through December.  

In more ways than one, the EPIC planetary albedo results for 
years 2017 and 2018 are remarkable in documenting the abrupt 
change in intra-seasonal variability between the La Niña year 
2017, and the non-La Niña year 2018. This is highly unlikely to be 
a data noisiness issue. The same spectral radiance to flux conversion 
procedure (Su et al., 2018) was applied to 5388 EPIC images for the 
year 2017, and to 5351 EPIC images for year 2018. Hemisphere 
averages of those EPIC image SW flux results were interpolated to 
the nearest GMT hour and then further averaged into monthly-
means, which were normalized to the CERES global annual-mean 
SW flux (Loeb et al., 2018), and divided by (TSI) (Kopp and Lean, 
2011) to obtain the 12 x 24 tables of planetary albedo for the years 
2017 and 2018 that are plotted directly in Figure 2 Top Left. For 
the Hovmoller contour plots, a further cubic spline interpolation to 
a finer grid is performed before making the plot in Figure 3 Left. 

 
A close inspection of the Figure 2 Top ‘spaghetti’ line plot of 

the EPIC planetary albedo gives no indication of the differences 
in the nature of the seasonal and longitudinal variability that exist 
between the years 2017 and 2018, and only become apparent in the 
Hovmoller contour plots of the same identical input data. Clearly, 
all of the basic information about the climate system’s seasonal 
and longitudinal variability is still there (since it is the same data). 
Evidently, it is the viewing perspective that makes all the difference 
as to what aspect of the input data gets spotlighted.  

 The Hovmoller contour plot of the ModelE2 planetary albedo 
in Figure 3 Right shed little additional light in regard to the nature 
of the 2017/2018 shift in the seasonal and longitudinal variability. 
The main reason for the similarity in seasonal variability between 
2017 and 2018 is that ModelE2 used the current climate prescribed 
sea surface temperatures for both years. Comparison to the EPIC 
counterpart in Figure 3 verifies the large overestimate of ModelE2 
planetary albedo over ocean areas and the underestimate over the 
continental land areas. Nevertheless, the large-scale longitudinal and 
seasonal differences, like the overall biannual variability with June-
July and December-January maxima interspersed with March-April 
and September-October minima, are more readily quantifiable from 
the Figure 2 ‘spaghetti’ line plots. 

 Figure 4 is a Hovmoller-style ratio plot of year 2018 divided 
by year 2017 of the EPIC (Left) and ModelE2 (Right) planetary 
albedo from Figure 3. This removes the baseline current-climate 
seasonal variability, focusing just on the changes in the planetary 
albedo between 2018 and 2017. The prominent features are the 
sharp January-February increases and steep November decreases 
in 2018 relative to 2017. The January increase appears to originate in 
the Indian Ocean region (although without latitudinal information 
that is an assumption), then spreading to the Atlantic and Pacific 
regions in February. Meanwhile, the steep decrease in November 
appears to be associated with the East-Asia and West Pacific region. 
The Figure 4 Right ModelE2 ratio plot is mostly a manifestation 
of its largescale natural variability, since the prescribed sea surface 
temperatures are the same for both years. 

Longitudinal variability is readily detectable from EPIC planetary 
albedo data using longitudinal slicing with Hovmoller display. For 
completeness, what is needed is some retainment of the latitudinal 
information in the sunlit hemisphere averaging procedure. 

 
FIGURE 4 | Hovmoller-style ratio plot of year 2018 divided by year 2017 of the EPIC (Left) and ModelE2 (Right) planetary albedo plotted in Figure 3. 
The Y-scale has time running downward starting with January at the top through December at the bottom. As in Figure 3, the X-scale is longitude running 
from -180o W longitude at the left and 180o E longitude at the right, with the GMT of the noon-time Sum and word map also included.  
 
 
 
 
 


